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Purpose: Our aim was to extend the concept of blink patterns from average interblink interval 
(IBI) to other aspects of the distribution of IBI. We hypothesized that this more comprehensive 
approach would better discriminate between normal and dry eye subjects.
Methods: Blinks were captured over 10 minutes for ten normal and ten dry eye subjects while 
viewing a standardized televised documentary. Fifty-five blinks were analyzed for each of the 
20 subjects. Means, standard deviations, and autocorrelation coefficients were calculated utiliz-
ing a single random effects model fit to all data points and a diagnostic model was subsequently 
fit to predict probability of a subject having dry eye based on these parameters.
Results: Mean IBI was 5.97 seconds for normal versus 2.56 seconds for dry eye subjects 
(ratio: 2.33, P = 0.004). IBI variability was 1.56 times higher in normal subjects (P , 0.001), 
and the autocorrelation was 1.79 times higher in normal subjects (P = 0.044). With regard to 
the diagnostic power of these measures, mean IBI was the best dry eye versus normal classi-
fier using receiver operating characteristics (0.85 area under curve (AUC)), followed by the 
standard deviation (0.75 AUC), and lastly, the autocorrelation (0.63 AUC). All three predictors 
combined had an AUC of 0.89. Based on this analysis, cutoffs of #3.05 seconds for median IBI, 
and #0.73 for the coefficient of variation were chosen to classify dry eye subjects.
Conclusion: (1) IBI was significantly shorter for dry eye patients performing a visual task 
compared to normals; (2) there was a greater variability of interblink intervals in normal subjects; 
and (3) these parameters were useful as diagnostic predictors of dry eye disease. The results of 
this pilot study merit investigation of IBI parameters on a larger scale study in subjects with 
dry eye and other ocular surface disorders.
Keywords: dry eye, interblink intervals, visual function, visual tasks, diagnostic model
Introduction
An estimated number of 1.68 million men and 3.23 million women are affected by 
dry eye disease in the United States.1,2 A study of the impact of dry eye disease has 
determined that the disease has a detrimental effect on the daily visual functioning of 
patients who report problems with all types of visual tasking.3 The tendency towards 
decreased blink rate during visual function tasks, such as computer use, reading, video 
gaming, and watching TV can exacerbate the signs and symptoms of dry eye, further 
limiting a patient’s visual function.4–6 Furthermore, visual function has been shown 
to deteriorate throughout the day.7–9 Compromised and fluctuating visual function has 
also been shown to negatively affect the patients’ quality of life.3
Tear film characteristics, components, and dynamics have been studied for many 
years to better define changes in tear film stability and, most recently, how those 
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changes can affect visual function. Traditionally, tear film 
stability has been measured by tear film breakup time, 
a standard diagnostic test for dry eye, while limited atten-
tion has been given to the role of blink patterns. This is in 
part due to the difficulty of analyzing their widely variable 
and dynamic nature.
In 1977, we began exploring blink patterns and the 
relationship of partial blinks to keratopathy.10 Twenty-
five years ago, Doane11,12 laid the foundation on the 
mechanics of blinking, establishing its importance as a 
relevant clinical endpoint. Continuing research has shown 
that measurements of blink patterns and tear film stability 
are linked, and both are crucial to understanding breakup 
of the tear film over the cornea, ocular surface health, and 
function in dry eye subjects.6–9,13 Blink rates, functional 
changes in relation to blink, and interblink interval (IBI) 
are parameters that provide a means to evaluate differ-
ences between the dry eye and normal patient, as well as 
changes incurred by treatment.7–9 Tsubota et al14 studied 
blink rates and intervals in the late 1990s, demonstrating 
abnormalities in dry eye patients; however, parameters 
were limited to means and variances, and not time series 
patterns.14,16
The purpose of the present study was to extend the con-
cept of blink characteristics from simple mean blink rates to 
other aspects of the distribution of IBI in order to provide 
a more comprehensive understanding of blink patterns in 
normal and dry eye subjects, and in particular, to demonstrate 
whether IBI had a time-series pattern at all.
Methods
This was a single-center pilot study designed to evaluate blink 
patterns in ten normal and ten dry eye subjects. The study was 
conducted according to a protocol approved by an external 
independent review board (Alpha IRB, San Clemente, CA, 
USA) and written informed consent was obtained prior to the 
study procedures. Subjects were informed that video would 
be collected during the study visit.
Subject selection
For the current study, all subjects were at least 18 years 
of age and were required to have a best corrected visual 
acuity of +0.6 logMar (logarithm of the maximum angle 
of resolution) or better in each eye based on the Early 
Treatment of Diabetic Retinopathy Study chart. They were 
required to avoid all ophthalmic medications for 2 hours 
prior to the study visit. We allowed the use of tear substi-
tutes for up to 2 hours prior to blink assessments since it is 
our experience that the beneficial effects of these products 
typically have worn off before this time frame. Subjects 
who had taken any systemic medications known to cause 
ocular drying were excluded from the study. Subjects were 
also excluded if they wore contact lenses, had any ocular 
inflammation or infection, including ocular allergies; or 
had any significant illness that, in the opinion of the inves-
tigator, could have interfered with the trial parameters 
or confounded the study results. Finally, subjects with a 
history of ocular surgery of any kind within the previous 
12 months were excluded.
Dry eye subjects were selected from a patient database. 
In order to participate, subjects needed to have a reported 
history of dry eye and a history of use, or a desire to use, eye 
drops for dry eye symptoms within the previous 6 months. 
The dry eye status of each subject was then confirmed by 
dry eye symptoms, fluorescein staining after video cap-
ture, as well as assessments of tear film break up time, as 
described in a previous report.16 Fluorescein staining was 
assessed by the investigator in precisely defined regions 
of the ocular surface using a 0 to 4 scale. Subjects with a 
mean staining score of $1.5 were confirmed as dry eye 
subjects. Normal subjects were selected based on having 
no reported history of dry eye symptoms and fluorescein 
staining of ,1.
Video monitoring environment
Each subject was instructed to view a 10-minute docu-
mentary displayed on a 25-inch television from a viewing 
distance of 5 feet. The documentary viewing was conducted 
individually in an isolated room with the lights on. Tem-
perature and humidity were not controlled, but were within 
a comfortable range of 70°F–75°F and 35%–55% relative 
humidity.
Blink analysis
To minimize forced blinking and other changes in natural 
blink patterns, the subjects were not told that blink patterns 
were being analyzed. Blink information was obtained 
from digital video imaging of each subject’s eyes captured 
over the course of the 10-minute documentary viewing 
period. The camera was mounted to a headset and directed 
towards the eye so that eyelid movement could be captured 
noninvasively. Postcapture, the videos were manually pro-
cessed and blink patterns analyzed.
The number of blinks measured over a 10-minute period 
ranged from 65 to 241 for normal subjects, and 129 to 
652 for dry eye subjects. The first ten blinks were discarded 
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to establish a more stationary time series. The following 
55 blinks were used for all subjects, providing a total sample 
for analysis of 1100 blinks.
The repeatability of this method was found to be accept-
able based on seven of the ten normal subjects who were 
retested on a second visit. Averages on day 1 and 2 were 
similar for: IBI means (5.40 and 6.10, P = 0.723), standard 
deviations (4.69 and 5.65, P = 0.783), and autoregression 
(0.20 and 0.21, P = 0.918).
Data elaboration
The approach was to construct a sequence of blinks as an 
IBI time series rather than a simple blink rate, thus providing 
more information for distinguishing between populations 
beyond mean blink levels.
For each subject, a sequence of blinks over time in seconds 
was transformed into a sequence of IBIs over blink number. 
This transformation, and the resulting distribution of IBIs, is 
illustrated in Figure 1A (blink sequence over time in seconds), 
1B (IBI sequence over blink number), and 1C (IBI frequency 
distribution) for the first 30 seconds (after discarding the initial 
ten blinks) for a normal subject in the study.
Descriptive and comparative statistics
Two approaches were used to analyze the data. First, a t-test 
was used to compare normal and dry eye groups based on 
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Figure 1 Illustration of the transformation of blinks over seconds to IBIs over blink number to the distribution of IBI based on the first 30 seconds of recorded time for a 
normal subject. (A) Blink sequence (red dots) over time in seconds (blue timeline): 12 blinks (beyond the initial ten blinks) over 30 seconds. (B) IBI sequence (blue line) over 
blink number: 12 IBIs over 12 blinks. (C) IBI histogram (yellow bars) overlaid with a log normal distribution (blue curve).
Notes: The number and percent of IBIs in the intervals (0–1 seconds, 1–2 seconds, 2–3 seconds, 3–4 seconds, 4–5 seconds) were (0, 5, 4, 2, 1) and (0%, 42%, 33%, 16%, 
and 8%), respectively.
Abbreviations: IBI, interblink interval; n, number; SD, standard deviation.
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Figure 2 IBI time series for a normal and dry eye subject. IBI time series for a 
normal and dry eye subject plotted on log-linear axes: observed IBI (solid red or 
blue lines) and predicted IBI for a given blink number based on the previous blink 
number (dashed green line). (A) Blue = observed; green = predicted for normals; 
(B) red = observed; green = predicted for dry eye.
Abbreviation: IBI, interblink interval.
the 20 subjects’ IBI means, IBI standard deviations, and IBI 
autocorrelations. IBI means captured the level of blink activity 
in the time series, the standard deviation captured the variability, 
and the autocorrelations captured the dependence of the current 
IBI on past IBIs. Analyses were performed using both IBI and 
log IBI.
For the second approach, groups were compared using 
a single random effects model fit to all 1100 data points 
(55 IBIs × 20 subjects). This model allowed each subject 
to have their own mean IBI, and provided estimates for 
group means, within- and between-subject variances, and 
within-subject autocorrelation coefficients. While other time 
series structures were explored, an autoregression model 
of order 1 was found to best fit these data. Analyses were 
performed on log IBI and results were back-transformed to 
the original scale.
Receiver operating characteristics  
(ROC) curves: a diagnostic model
Diagnostic models were fit, the objective of which was to 
predict the probability of having dry eye given a subject’s IBI 
mean, standard deviation, and autocorrelation coefficient. 
For each endpoint, alone and in combination, ROC curves 
were plotted, and areas under the curves (AUC) were calcu-
lated. Models with higher AUCs (approaching 1) had greater 
predictive power.
Cut-points corresponding to low false positive and low 
false negative error rates were calculated.
Random effects models were fit using the MIXED proce-
dure of SAS version 9.2 (2009; SAS Institute Inc, Cary, NC, 
USA; SAS OnlineDoc® 9.2, SAS Institute Inc), and t-tests 
were fit using the GENMOD procedure.
Results
Subjects
Eight female and two male dry eye subjects participated, 
with a mean (standard deviation) age in years of 65.5 (15.3), 
ranging from 37 to 88 years. The signs and symptoms of dry 
eye present in this group at baseline are reported in Table 1. 
The eight female and two male subjects who comprised 
the normal group had a mean (standard deviation) age of 
26.1 (7.8) years and a range from 22 to 47 years.
IBI time series for individual subjects
Individual log IBI time series are depicted in Figure 2A 
(one normal subject) and B (one dry eye subject). These 
plots illustrate the central results: that normal subjects had 
higher means, standard deviations, and autocorrelations. 
Table 1 Baseline signs and symptoms of the ten dry eye subjects 
included in the study
Parameter Mean ± standard deviation
Visual acuity  0.0778 ± 0.118
TFBUT*  4.46 ± 2.12
Discomfort**  1.30  ± 0.919
Burning† 1.30  ± 1.42
Dryness† 2.20  ± 1.14
Grittiness† 1.90  ± 1.29
Stinging† 1.60  ± 1.35
Inferior corneal staining** 2.81  ± 0.855
Superior corneal staining** 2.06  ± 0.818
Central corneal staining** 1.92  ± 0.952
Temporal conjunctival staining** 1.94  ± 1.04
nasal conjunctival staining** 2.25 ± 0.696
Notes: *Average of two readings, **0-4 Scale, each eye graded separately, †0-5 Scale, 
one grade given for both eyes.
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The higher autocorrelation in normal subjects is depicted by 
the similarity of the observed and predicted lines.
Figure 3 illustrates the relationship between subject 
means and subject standard deviations. Normal subjects had 
both higher means and higher standard deviations compared 
to dry eye subjects.
Group differences between  
normal and dry eye subjects
Table 2 shows the comparison between groups with respect to 
the 20 subjects’ IBI means, variability, and autocorrelations 
on original and logarithmic scales. The mean of IBI means for 
normal subjects was 5.93 seconds versus 2.65 seconds for dry 
eye subjects (ratio = 2.24, P = 0.003). Differences between 
group means for coefficients of variation and autocorrelations 
on the original scale were not significant, although, comparisons 
for all three outcomes were more significant on the log scale.
Random effects model
Table 3 shows the comparison between groups based on the 
1100 individual IBIs. Results are shown on the log scale (on 
which the model was fit) and on the original scale (after back 
transformation). All differences were significant: mean IBI 
for normal subjects was 5.97 seconds versus 2.56 seconds 
for dry eye subjects (ratio = 2.33, P = 0.004). The IBI coef-
ficient of variation for normal subjects was 1.56 times higher 
than that for dry eye subjects (P , 0.001), while the ratio for 
autocorrelations was 1.79 times higher (P = 0.044).
Classifying dry eye and normal  
subjects: diagnostic model
Figure 4 shows the fit of a logistic model using mean log 
IBI as the single predictor for dry eye. The green fitted curve 
from the logistic model shows the predicted probability of a 
subject having dry eye based on their mean IBI. As the mean 
IBI increased, the probability of having dry eye decreased.
ROC curves were plotted for each outcome and corre-
sponding AUC and R2 statistics were calculated. Mean IBI 
(on the log scale) was the best classifier (Figure 5A: R2 = 0.49, 
AUC = 0.85) for dry eye, followed by the standard deviation 
(R2 = 0.27, AUC = 0.75) and autocorrelation (R2 = 0.04, 
AUC = 0.63). All three predictors combined provided the best 
diagnostic prediction (Figure 5B: R2 = 0.63, AUC = 0.89). 
Cutoff points of #1.12 for log mean IBI, #0.65 for log 
standard deviation, and #0.21 for log autocorrelation gave a 
true positive probability of 0.8 and a false positive probability 
of 0.2. On the raw scale, this corresponded to a median IBI 
of #3.05 seconds, and a coefficient of variation of #0.73.
Discussion
Consideration of IBI rather than blink rate revealed a sub-
stantial amount of information for a given sample of blinks. 
Where blink rate is a single measurement, the IBI series pro-
vides several endpoints describing a subject’s blink frequency. 
This study showed that the IBI was significantly shorter for 
dry eye patients performing a visual task. Our values for mean 
IBI of 5.97 versus 2.56 seconds were comparable to those 
1.5
1.2
0.9
0.6
0.3
–0.6 0.0 0.6 1.2 1.8 2.4
Subject means (log IBI)
Group Dry eye Normal
S
u
b
j
e
c
t
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
s
(
l
o
g
 
I
B
I
)
Figure 3 Log IBI standard deviations versus log IBI means for ten normal and ten dry eye subjects.
Abbreviation: IBI, interblink interval.
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Figure 4 Predicted probability of a subject having dry eye based on their mean 
log IBI.
Notes: The fit of a logistic model using the mean log IBI as the single predictor. 
Twenty binary observations are illustrated: “1” for the ten dry eye subjects (red 
dots), and “0” for the ten normal subjects (blue triangles). The green dashed fitted 
curve from the logistic model shows the predicted probability of a subject having 
dry eye based on their mean IBI. Predictions for the 20 subjects are represented by 
dots and triangles on this curve. note that as the mean IBI increases, the probability 
of dry eye decreases; red dots on the lower half of the fitted curve would be false 
negatives and blue triangles on the upper part of the fitted curve would be false 
positives.
Abbreviation: IBI, interblink interval.
reported by Tsubota14 of 4.0 and 1.5 for normal and dry eye, 
respectively. Our method differs from that of Tsubota et al14 
from a technical perspective, in that subjects are watching 
a video during measurements instead of engaged in a fixed 
primary stare; our method also differs from a statistical per-
spective in that we explored the time-dependent nature of this 
series of data. It is known that monitor viewing decreases 
blink rates, and this could have accounted for the slightly 
higher IBIs that we observed compared to Tsubota et al.14 
Our visual task was chosen as a more representative activity 
of everyday life than primary gaze, and furthermore, the task 
was the same for normal and dry eye subjects. The finding of 
increased blinking in dry eye compared to normal subjects 
observed in the present study might suggest a compensating 
rather than a triggering event in dry eye.
Another finding was the notable difference revealed in 
the variability of IBI in normal subjects compared to dry 
eye patients. Greater variability and autocorrelation in the 
normal population might have indicated an ability to suppress 
blinking at will and vary blink according to individual 
needs. It appears that in the normal subject, there might 
be a homeostatic mechanism that can adjust the timing of 
each blink and optimize the optical role of the tear film in 
retinal image formation. Supporting this finding, Nakano 
et al17 demonstrated in normal subjects that blinking was 
synchronized in the video tasking to prevent loss of critical 
information from the flow of visual input. This control of 
blink in normals may be closely related to the visual atten-
tional system and contributes to stable visual perception and 
awareness across interruptions of blinks. In contrast, the 
present study demonstrated that frequent blinking in dry eye 
subjects may supersede the requirements of the visual task. 
Desynchronization with visual tasking in dry eye patients 
could lead to a critical loss of flow of visual information. 
This is suggested by other altered parameters of visual func-
tion,7–9,13 and by the patient’s own assessment of visual tasking 
being compromised by tear dysfunction.3
To our knowledge, this is the first representation of blink 
as a time series. This approach revealed a distinct difference 
in patterns between dry eye and normals. It also allowed us 
to predict whether a subject had dry eye. Cutoff points for 
predicting dry eye with low error rates corresponded to an 
IBI median of #3.05 seconds and a coefficient of varia-
tion of #0.73. Limitations of this study include its small 
Table 3 Random effects model: IBI and log IBI in ten normal and 
ten dry eye subjects
IBI Normal 
subjects
Dry eye 
subjects
Ratio P-value
Mean 5.97 2.56 2.33 0.004
CV 1.10 0.70 1.56 ,0.001
AC 0.28 0.16 1.79 0.044
Log IBI Normal 
subjects
Dry eye 
subjects
Difference P-value
Mean 1.32 0.58 0.74 0.004
SD 0.89 0.64 0.25 ,0.001
AC 0.28 0.16 0.12 0.044
Notes: Group differences were tested using the Student’s t-test, with P , 0.05 
demonstrating significance.
Abbreviations:  IBI,  interblink  interval;  AC,  autocorrelation;  CV,  coefficient  of 
variation; SD, standard deviation.
Table 2 Group means, SD from the mean, and AC for IBI and 
log IBI in ten normal and ten dry eye subjects
IBI Normal 
subjects
Dry eye 
subjects
Ratio P-value
Mean 5.93 2.65 2.24 0.003
CV 0.77 0.66 1.17 0.359
AC 0.14 0.17 0.85 0.711
Log IBI Normal 
subjects
Dry eye 
subjects
Ratio P-value
Mean 1.32 0.58 0.75 ,0.001
SD 0.84 0.61 0.24 0.024
AC 0.26 0.21 0.06 0.415
Notes: Group differences were tested using the Student’s t-test, with P , 0.05 
demonstrating significance.
Abbreviations: SD, standard deviation; AC, autocorrelation; IBI, interblink interval; 
CV, coefficient of variation.
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Figure 5 (A) The ROC curve based on one predictor (mean IBI) AUC = 0.85 
and (B) on three predictors representing, IBI level (mean), variability (standard 
deviation), and relationship to past IBIs (autocorrelation), AUC = 0.89. 
Notes: The cutoff points of #1.12 for the log mean IBI, #0.65 for the log standard 
deviation, and #0.21 for the log autocorrelation give a true positive probability 
of 0.8 and a false positive probability of 0.2 (shown as a blue square on the ROC 
curve). On the raw scale, this corresponds to a median IBI of #3.05 seconds and a 
coefficient of variation of #0.73.
Abbreviations: ROC, receiver operating characteristics; IBI, interblink interval; 
AUC, area under the curve.
sample size and the discrepancy in age, which was due to 
the difficulty in finding age-matched subjects who in fact do 
not have any signs and/or symptoms of dry eye. More data 
from a large age-matched subject pool of dry eye and normal 
subjects, including those with other types of ocular surface 
disease, would be needed to validate the methodological 
accuracy and clinical usefulness of this study.
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